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Study on numerical taxonomy of Curcuma L. by rough- set
theory and cluster analys's
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Abstract : To provide new evidences for the classfication and medicinal identification of Curcumal.31
(OTU) kinds of CurcumalL.were studied in this paper. 47 taxonomy characters were decomposed to 28
qualitative index and 19 quantitative index ,and the qualitative characters were further decomposed to two-
state characters and three state characters ,then treated by rough-set theory and clustered ,respectively. The
results of cluster analysswere divided into qualitative index synthes s taxonomy by intersection taxonomy.
19 quantitative characters were treated by roughrset theory and cluster analysis,and the results were class-
fied into 20 kindsof character synthes s taxonomy by intersection taxonomy ,then synthesized into 10 major
kinds. The results were compared with principal 47 taxonomy characters by component and cluster analys s
for made by Xiao xiao-he. The study showed that it was reasonable and accurate to decompose taxonomy
character ,and combining rough-set theory with cluster analys s was sgnificant.
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Table 1 31(OUT)kindsof plantsof Curcumal .for modality numerical taxonomy

Taxonomical . . .
No. population Name of plant Materia producing area Population
1 ( )
. kwangsiensis Guangxihengxian (typica producing area) Big plant population
( )
2 L . kwangsiensis Guangxi hengxian (typical producing area) Med um plant population
( )
s . kwangsiensis Guangxi hengxian(typica produdng area) Smdl plant population
( )
4 2 . kwangsiensis var. &fini Guangxihengxian (typica produdng area) Mutation
( )
5 . kwangsiensis var. puberula Guangxi hengxian (typical producing area) Mutation
6 . kwangsiensis Qui\Clxha botapica gargen Non-typical population
( )
7 . phaeocaulis Schuanshuangliu(typical producing area) Big plant population
( )
8 3 . phaeocaulis Schuanshuangliu(typical producing area) Med um plant population
( )
9 . phaeccaulis Schuanshuangliu(typica produdng area) Smdl plant population
10 . phaeocaulis South China botanica garden Norrtypicd population
= . phaeocaulis Guangxi medicd plants garden Nonrtypicad population
( )
12 . wenyujin Zhgjiangruian(typical produdng area) Big plant population
13 4 " ( . ) . .
. wenyujin Zhgiangruian (typica produdng area) Med um plant population
( )
14 . wenyujin Zhgiangruian (typica producng area ) Small plant population
15 . wenyujin South China botanical garden Nonrtypical population
16 5 . aromatica Guangxi medicd plants garden Norrtypicd population
( )
e . longa Schuanshuangliu(typica produdng area) Big plant population
( )
18 6 . longa Schuanshuangliu(typica produdng area) Med um plant population
( )
19 . longa Schuanshuangliu(typicd produdng area) Smdl plant population
20 . longa South China botanicd garden Norrtypicd population
2 . longa Guangxi medicd plants garden Norrtypicd population
2 ! . sichuanensis Guangxi medicd plants garden Norrtypicd population
23 8 ( )
. chuanyujin Schuanshuangliu(typicd produdng ares) Hybrid plant population
( )
24 9 . exigua South China botanical garden(Schuan of origin) Hybrid plant popuiation
25 10 ( )
. zedoaria Suth China botanica garden(America of origin) Hybrid plant population
( )
26 1 . xanthorrhiza ;:;'th Ctina botanica garden (Indonesia of ori- Hybrid plant population
27 12 . ( ] ) .. . .
. yunnanensis Suth China botanicd garden( Yunnan of origin) Hybrid plant population
28 13 ’ . . . .
. albicoma Kunming Institute of Botany Hybrid plant population
29 14 ) . . . .
. flaviflora Kunming Ingtitute of Botany Hybrid plant population
30 15 . . . . )
. amarissima Kunming Ingtitute of Botany Hybrid plants population
31 16 . . . .
._elata Kunming Ingtitute of Botany Hybrid plant population
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Table 2 Numerical taxonomy of character and code for Curcumal .

Number Taxonomic characters Coding of quality character and meaning of the guantitative traits
Hi Living conditions 1. Wild;2. Cultivation ;3. Wild and cultivation
H2 (m) Distribution elevation 1.400;2.400 800;3.800
H Di stributi 15 !

s Istribution types Divison by 15 regional-type of professor Wu Zhengyi
Ha (m) Plant height Calculated by measured average of populations or specimens
H 1. Underdeveloped; 2. More developed; 3. Ad
° Degree of main root-stock developed vanced
H 1. Underdeveloped; 2. More developed ; 3. Ad
6 Degree of sde root-stock developed vanced
H7 Ccolor of roots section 1. Yellow ;2. Greyish;3. Black-brown
He Degree of roots developed 1. Underdeveloped; 2. More developed; 3. Ad
vanced
Ho (cm) Length of leaf Calculated by measured average
Hio (cm) Breadth of leaf Calculated by measured average
/
Hi1 Length of leaf / the breadth of lesf Calculated by measured average
Hi Whether thereis purple red in leaf veins 1. No;2.  Yes
. 1. Gradually sharpening like fine caudat ;2. Short
Has Shape of ledf tip gradually sharpening;3. Near camber
Ha Shape of ledf base 1. Grac_iually_narrow in base;2. Wedge in base;3.
Near linear in base
Has Whether there is availability and extent of 1. No;2. Sparse;3. Intensve
the regional capita in leaf
Hae Color of sheath 1. Green;2. Purple red
Hu Whether thereis regiona capita in sheath 1. Noj2.  Yes
His (cm) Length of petiole Calculated by measured average
Hag Color of petiole 1. Green;2. Light purple red
H Inflorescence out SEqUENCers 1. Grow before ledf ;2. Grow the same as ledf ;3.
» d Grow after leaf
H21 Postion of the inflorescence 1. From sheath;2. From root ;3. Both
Ha22 (cm) Length of inflorescence Calculated by measured average
Has (cm) Diameter of inflorescence Calculated by measured average
(cm)
Hae Length of tota inflorescence caulis Calculated by measured average
Has Availability and color scales 1. No;2. Green;3. Light purple red
H2e (cm) Length of bract Calculated by measured average
Ha7 (cm) Width of bract Calculated by measured average
Has Color of lower bract 1. Light green;2. White;3. Light purple red
Hag Color of upper part bract 1. No;2. Light red;3. Purple red
Hao Whether thereis regiona capita in bract 1. Noi2. Yes
Ha1 (cm) Length of sterile bract Calculated by measured average
Haz Color of dot sterile bracts 1. No;2. White;3. Light purple red
(cm)
Has Availability of small bract length Calculated by measured average
Haa (cm) Length of calyx tube Calculated by measured average
Has Top crack teeth of the calyx tube Calculated by measured average
Has Whether thereis regiona capita in calyx 1. Noj2.  Yes
Haz Whether there is regional capital in corolla 1. No;2. Yes
tube
Hass (cm) Length of corolla tube Calculated by measured average
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Continued of table 2
Number Taxonomic characters Coding of guality character and meaning of the quantitative traits
Hag Color of corolla tube 1. White;2. Yellow ;3. Purple red
Hao Color of corolla lamination 1. White;2. Yellow ;3. Purple red
Ha (cm) Calculated by measured average
Length of corolla sde lamination
Haz (cm) A Calculated by measured average
Length of corolla back lamination
Haz (em) ’ Calculated by measured average
Length of stamen degradation
H 1. From white to light yellow ;2. Form
a4 Color of stamen degradation yellow to heavy yellow
Has (cm) Length of lip petal Calculated by measured average
. 1. From white to light yellow ;2. Form
Hae Color of lip peta yalow to heavy yellow
1. (8 6 ) Spring and summer (March-June) ;2. (7 9 )
Ha RofeptenoR Summer and autumn (July- September)
3
Table 3 Information value of two-state character for numerical taxonomy qualitative character for Curcumal .
Character number
ouT Hs Hi Hie Hiz Haig Hszo Hss Hsz Has Has Haz
1 2 1 1 2 1 1 1 2 1 1 1
2 2 1 1 2 1 1 1 2 1 1 1
3 2 1 1 2 1 1 1 2 1 1 1
4 2 2 2 2 2 1 1 2 1 1 1
5 2 1 1 2 1 1 1 2 1 1 1
6 2 1 1 2 1 1 1 2 1 1 1
7 1 2 1 1 1 1 1 1 1 1 1
8 1 2 1 1 1 1 1 1 1 1 1
9 1 2 1 1 1 1 1 1 1 1 1
10 1 2 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 2 2 2 1 2 1
13 1 1 1 1 1 2 2 2 1 2 1
14 1 1 1 1 1 2 2 2 1 2 1
15 1 1 1 1 1 2 2 2 1 2 1
16 2 1 1 2 1 2 2 2 2 1 1
17 1 1 1 1 1 2 1 1 2 1 2
18 1 1 1 1 1 2 1 1 2 1 2
19 1 1 1 1 1 2 1 1 2 1 2
20 1 1 1 1 1 2 1 1 2 1 2
21 1 1 1 1 1 2 1 1 2 1 2
22 2 1 1 2 1 2 2 2 2 2 2
23 2 1 1 2 2 2 2 2 2 2 1
24 2 2 2 1 1 1 2 2 2 2 2
25 1 2 2 1 2 1 1 1 1 1 1
26 1 2 1 1 1 1 1 1 11 1
27 1 2 2 1 1 1 1 1 1 1 1
28 1 1 1 2 1 2 1 1 1 1 2
29 2 1 2 1 2 2 2 2 2 2 1
30 1 2 1 1 1 1 1 1 1 1 1
31 1 1 1 2 1 1 1 1 1 1
‘Hs 15 7, 2 1

Note: Two typesof Hsz Horain this paper is studied:number 15 and 7, itscodeis 2 and 1.
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Information val ue of three-state character for numerical taxonomy qualitative character for Curcumal.

Table 4

Character number

H2 Hs He H7 Hs Hiz  Hia  His Hxo Ha  Hxs  Hz  Hz  Hsz  Hs  Ha

Hi

[ONNY)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

19

Table 5 19 quantitative characters of numerical taxonomy for Curcumal.

Character number

Haz

Has

Has
1.3
1.0

Ha Hog Hio Hui1  His H2 Hz H2z  Hos Ha1  Hass Has  Hss Hss Ha  Ha
4.1
0.7

OoTU

1.6
1.4
1.0
1.5
1.5
1.4

2.5

1.6
1.2
1.0
1.3
1.2
1.1
1.7
1.3
1.2
1.0
1.0
2.5
2.0
1.8
1.9
1.8

1.4
1.1
0.8
1.2
1.0
1.2

2.1

2.3
1.9
1.5

2.1

1.3
1.1

1.5
1.2
0.8
1.2
1.3
1.0

3.5

15
10

16
13
10
14
15
13
20
15
10
10
12
20
15
10
14
13

15

4.2

10

0.9 40
0.6 25

0.4

3.1

3.5
3.0
3.6
3.6
3.3

4.1

4.2

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.8

2.5

2.8
4.2

14

1.1
1.0
0.9
2.0
1.8
1.4
1.5
1.5
1.6
1.3
1.0
1.2
1.3

1.1

3.5

11
12
10
20
15
10
15
12
15
12

13

0.6 25

0.6 23
0.5 24

1.3 50
1.1 40
0.8 25
1.0 30
1.1 28
1.6 75
1.2 55
0.7 30
1.0 60

0.9 50

2.0
1.8
2.8
2.3
1.8
2.5
2.6
2.7
2.3
4.0
2.4
2.2

1.2
1.0
1.4

1.2

3.3

3.3
4.4
3.1

3.0
3.5

2.8
2.2

55
35
28
35
33
35
20

16
13

2.0
1.5
1.5
1.4
2.8
2.5
2.0
2.3
2.2

1.8
1.0
1.7
1.6
1.7

3.6 3.0
3.0 2.5
3.5
3.5
6.0

4.5

3.1

3

1.6 10.9

2.1
2.0
3.3
2.9
2.5
3.0
2.5

3

3.1

1.1

3.3
3.1

2.5
2.6
3.4

3.1

12
11
22
18
12
16
14

1.0
1.7
1.3
0.8

3.5

10

1.4
1.0
1.5

3.2

2.5

3.0
4.5

10
20

2.5

1.0
0.9

3.0
2.5

10

1.4

4.0

18

3.6
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5 Continued of table 5
Character number
oTU Ha Hg Hio Huin  His Hz Hzs Ha Hxs Hx Ha  Hss Has  Hss Hss Ha  Ha Hi  Hss
17 1.5 65 19 3.4 45 18 9 22 5.5 4.8 6.0 0 1.3 3 3.2 1.7 1.9 1.7 2.0
18 1.0 45 16 2.8 33 15 7 16 4.0 3.2 4.0 0 1 3 2.8 15 1.5 1.3 1.5
19 0.6 30 13 2.3 20 12 4 11 3.0 2.5 25 0 0.7 3 25 1.1 1.2 1.0 1.2
20 1.2 40 15 2.4 30 13 5 14 50 3.0 4.1 0 1.1 3 25 1.3 1.1 1.3 1.3
21 1.0 40 15 2.7 30 14 6 15 4.0 3.2 4.0 0 1.0 3 2.7 1.2 1.2 1.2 1.4
22 1.1 50 17 2.9 34 17 8 16 50 3.3 7.1 2.5 1 3 2.8 1.5 2.0 1.5 2.1
23 0.9 53 18 2.9 35 18 8 16 4.1 3.0 7.0 2.5 1.2 3 3.0 1.5 2.0 1.5 20
24 0.6 20 6 3.3 5 9 2 4 4.0 1.0 20 2.1 0.9 2 1.4 1.0 1.6 1.0 1.2
25 1.3 50 17 2.9 30 15 7 10 3.5 2.5 5.5 3.0 1 3 2.4 1 1 1.7 2.0
26 0.6 65 20 3.3 45 15 11 18 6.0 4.0 7.0 3 1 3 35 20 21 20 25
27 1.1 48 15 3.2 20 15 8 13 4.0 20 5 5 9 3 3.1 1.7 1.8 1.4 2.0
28 1.3 40 14 2.9 16 17 6 17 3.5 2.2 3.5 2.8 1.5 0 30 20 1.5 2.1 20
29 0.5 22 8 2.9 6 6 3 6 4.1 2.8 0 3.0 1.1 3 36 2.3 1.8 21 21
30 1.0 47 13 3.6 45 16 7 17 5.0 3.5 6.0 0 2.0 3 3.0 1.5 1.1 1.4 1.8
31 1.5 70 20 3.5 60 20 8 22 5.0 2.8 6.1 2.5 1.0 3 2.8 1.8 1.9 1.8 2.0
1.4 Ho2s ,Ha2s , Hao , Ha2 , Hao Hao ,
, Hi Hs Hs Hs Ha U/{ Hi ,Hs ,
Hz ,Hs ,Ha1} =U/{Hi,H2,Hs,Hs,H7,Hs, Hi,
, His ,His ,Hzo ,H21 ,Hzs ,H2s ,H2e ,H3z2 ,Hao ,Hao}
SPSS13.0 )
2.1 ( ) 31
[12] 3
( 3 , = Ho ‘A1 ={7,9,10,11,17,18,19,20,21 ,22 ,23 ,24} ,
Hi Hiz Hie Hsx Hsz  Har, A2 ={5,12,13,14 ,15,16,25,26 ,27} ,As ={1,2,3,
{ Hi2 ,His ,Hiz ,Hio ,Hz ,Hs7 , 4.8 ,6,28,29,30,31}
Ha} i Hs ,Hss , Haa Has 3 :B:1=
, U R1 , {1,2,3,5,6,12,13,14,15,16,22,23,26,29,30,
Hs ,Hass ,Has Hae , Hi 31} ,B» ={11,17,18,19,20,21,28} ,Bs ={4,7 .8,
His Hiz Hw Hsx Hs  Ha , u/ 9,10,24 ,25 ,27}

{Hi12 ,His ,Hiz ,Hio ,Hs ,Hsr ,Hsr} = U/{ Hs ,Hs2 , ,
His ,Hi7 ,His ,Hao ,Hss ,Hsr ,Has ,Has , Har} ,

3
( 4) ) = Hi Hs 3 ,
H Hs Ha, , 6 6 , 31
{H:,Hs ,H7 ,Hs ,Ha1} , U 8
R2 ,H2 ,Hs ,Hiz, Hia , His , Hxo ,
6
Table 6 Classification of intersection for aggregation with qualitative two- state character and three state
character of numerical taxonomy for Curcumal .
Adgaregation Al Az As
B1 B1 nA1 ={22,23} Bi nA2={5,12,13,14,15,16 26} BinA3={1,2,3,6,29,30,31}
B2 B2 nA1={11,17,18,19,20,21} B2nA2=( B2 N A3z ={28}
B3 Bz nA1={7,9,10,24} B3z nA2 ={25,27} B3 NnA3={4,8}
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2.2 R yH2 , Hzs , Haa , H2s , Ha1 , Haa
5 Hss ,Ha2 ,Haz  Has , Hi Ho

( Hio Hu Hx Hs Hs  (His  Ha)
), U/{Has,Ho ,Hwo ,H11 ,H2r ,Hss ,Hss ,His} =
7 7, 5, U/{Has ,Ho ,Hio ,Hu ,His ,Hz2 ,H2s ,H2a ,H2s ,H ,

8 Ha1 ,Hss ,Has ,Hss ,Hss ,Ha ,Ha2 ,Haz , Has}
8 , = ({ Ha , He , Hio , H11 , Hz7 ,

Hs He Huo Hu H2z Hss Hss (His Has ,Hss ,His}) , 31

Ha) | {Has,Ho, 4 :D;={22,23,13,25,28,12,31,

Hio ,Hu ,H2r ,Hss ,Has ,Hie} { Hs4,Hos,Hwo ,Hn
H2z ,Hss , Has , Hat} ,{ Ha, Ho , Hio , Hi1 , H2z , Hss

726 ,8,15,16,9,27,17,30,1,29} ,D. ={19,20,10,
11,18 21,14} ,Ds ={24} ,D: ={2 4 6,3 5}

H38} i Ha2 , Hoz , Haa , Hoe , Har , Has , Has | Haz )
Haz ,Has , U ,
7 19
Table 7 Grading standards of 19 quantitative characters of numerical taxonomy for Curcumal .
Character No. Classfication Information val ue Character No. Classfication Information value
Ha Ha<1 1 Ha1 Ha1 <3 1
1<H4<1.5 2 3<Hau<5 2
1.5<Ha 3 5<Ha 3
Ho Ho <30 1 Has Hs3 =0 1
30< Ho <60 2 0<Hx<3.0 2
60 < Hg 3 3.0< Hss 3
Hio Hi0 <10 1 Has Has <1.5 1
10< Hwo <15 2 1.5< Hx<2.0 2
15< Hio 3 2.0< Ha 3
Hu H11 <3 1 Has Hss =1 1
3<Hn<3.5 2 Has =2 2
3.5<Hu 3 Hss =3 3
His Hig <20 1 Hass Hag <2 1
20< His <40 2 2<Hs<3 2
40< His 3 3 < Hass 3
H22 H2 <10 1 Ha Ha <1 1
10 H2 <20 2 1<Ha<2 2
20< H22 3 2<Ha 3
Has Ha23 <5 1 Haz Ha <1 1
5<Hx3 <10 2 1< Hp<2 2
10< Hz3 3 2<Ha 3
H2a H24 <10 1 Has Haa <1 1
10<H2 <20 2 1< Ha<2 2
20< H2s 3 2<Ha 3
Hae H2 <3.5 1 Has Has <2 1
3.5<Hx%<5.0 2 2<Hs<2.5 2
5.0< Hz 3 2.5< Huss 3
Hzz H27<3.0 1
3.0<Hxr<4.5 2
4.5<Hxz 3
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Table 8 Information value of 19 quantitative characters of numerica taxonomy for Curcumal .

Character number

Haa  Hs Hss Hss  Hss  Ha Ha Has  Hss

(@]
_'
c
T
A
T
©
T
S
T
=
T
&
T
N
T
8
T
R
T
>
T
N

© 0 N O O b~ WDN PP

P R S S S
o0 r WN R O

N NN DNDNDNDNNDNERE B P
0 N o WNPRFP O © 0N

N
©
W W W W wWwWwNWWWWWWWWWwWWwwWwwWwowwwowowowowowowow

8 5
N NERP NNRPRNRPRPRNMNNMNMNREPENMNNMNENENONNRERNNRRRRPRPR
W N R RNNWNRPRRNNMNNMNMNNMNNMNONONNMNONNWERNRNNRRRRPREN
W N R NNWWEROWWNMNNONNWWNWNWWNNRNOWERIERIERRPREN
N WEFRPR RPRNNRNRRRRRERERNDWWRERNDNNERERENNNOWRNOWIER®®
W WEREPR NNWOWNRPRRNNMNMNNMNNOMNNOWERENENMNNMNNNNNN®WRRRRRPR
NN ERP RNRNRNNRPRPRNNMNOMNOMNNNMNMNMNONNMNONNMNMNONNDNNRNNDNNRNNRNDRNDNRN
NN EREPRNNWOWNRPRPRNNMNOMNMNENNMNNOMNNNMNNNNNNNNNRNNRNRNDNRNDRNNDRNDN
W N R NRNNNRPRNNMNMNNMNNMNNOWERNENMNMNNNNMNNMNRNNNRNNRNDN
N NNRNNWOWNRNNNMNOMNNENONNENOWNNERENNERNNERNNN
P N R RPRPNRPRPNNMNMNENOWERNRENMNDMNNENNNNNRDNON
W WEr NNWWERWWNNENDOWNNNDNWWNNNRNOWERRRRPR PR
N EP NNWNNNNNRRRERPERRENNMNNNNONNNNNERRRPR PR PR
P NP NWRRRRRPRRRRRRRRRRERNRRWRRRRRRPRPR
NN WRNWNRRNNMNOMNNMNNOMNNOWNNNONNNNERENNERNNEREREN
NN WRNWRNRRNNNMNOMNNOMNOMNONONNNNNNNDNNRN®WRNRNNERDNDN
N NN RNRNRNRNRNMNRNNNMNOMNOMNNOMNMNNOMNNNNNONNONNMNRNNRNRNRNRNDRNDN
NN W WRNRNRNMNROMNRNMNNOMNOMNOMNOMNMNOMNONMNNNNNNNNRNNERNNNDRNDN
NP NNNNNRPRNNRPRPRRPREPNMNNMNNMNMNN®WRRRERNNRRRRPRPR

w
s
w

) , &={11,17,18,19,20,21,28}

6 {22 ,23} {28} {25,27} {48} {25 ,27} {5,12,
Ar {22,23} {9,10}  13,14,15,16,26} {48} {5,12,13,14,
0.534, B {22,23} 15,16,26} , G ={4,5,8,12,13,14,15,16,25,
{29} 0.172, {22,23} 26,27} ,C ={1,2,3,6,29,30,31}
{7.9,1024}, G ={7.,9,10,24,22 23}
{28} As {1} , 31 10
0.15, B> {17} 9
0.3, {28}  {11,17,18,19,20,21}
9

Table 9 Classfication of intersection for clustering of qualitative index and quantitative index for Curcumal.

Aqaregation D1 D2 Ds Da
C1 C nD1={9,7,22,23} C1. nD2={10} C1 n D3 ={24} CinDsa=
C2 C2 nD1={17,28} C2 nD2={11,19,18,20,21} C2nD3=@ CnDs=
Cs C3 nD1={15,12,13,16,8,25,26,27} Cs nD2={14} CsnDs= Cs nDsa={4,5}

[ Ci nD1={1,29,30,31} CinD2=h GinDs=¢p CinDs={2.3,6}
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